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a  b  s  t  r  a  c  t
Echinococcus  granulosus  sensu  stricto  (G1)  and  Echinococcus  ortleppi  (G5)  are haplotypes
of  the  parasite  formerly  known  as  Echinococcus  granulosus  sensu  lato,  which  in its lar-
val stage  causes  cystic  hydatid  disease,  endemic  in  Southern  Brazil.  Epidemiological  and
molecular knowledge  about  the  haplotypes  occurring  in  a region  is essential  to  control
the  spread  of the  disease.  The  aim of this  work  was  to  analyze  the  haplotype  frequency
and  fertility  of hydatid  cysts  in  cattle  from  the  state  of  Rio  Grande  do Sul.  Cysts  were
collected  and  classiﬁed  according  to  their  fertility  status.  DNA  was  extracted  from  pro-
toscoleces  and  germinal  layers  and  then  used  as template  for  the  ampliﬁcation  of  the
cytochrome  c oxidase  subunit  1  gene  by  PCR.  Amplicons  were  puriﬁed  and  sequenced,
and  the sequences  were  analyzed  for  haplotype  identiﬁcation.  A total  of  638  fertile  cysts
collected  in  the  last ten  years  were  genotyped.  On average,  G1  (56.6%)  was  more  fre-
quent than  G5 (43.4%).  In  lungs,  the  G5  haplotype  exhibited  a higher  parasite  load  (52.8%),
whereas  in the liver,  G1  was  more  frequent  (90.4%).  The  analysis  revealed  an  increase
in  the  frequency  of G5  haplotype  cysts  during  the  period  of sampling,  and  an  increase
in  the  abundance  of fertile  cysts  has  also  been  observed  in  the last  several  years.  Most
infertile  cysts  were  genotyped  as  G1.  The  possible  factors  involved  in the  increase  in the
proportion  of  E.  ortleppi  (G5)  and the  consequences  of  this  increase  are  discussed.  This
study  suggests  that  the proportion  of  E. ortleppi  (G5)  loads  in  cattle  may  be increasing
overtime.. IntroductionThe larval stage of Echinococcus granulosus sensu lato
auses cystic hydatid disease (CHD), also known as
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echinococcosis or hydatidosis, which remains a public
health problem in several countries despite efforts to con-
trol  it (Craig et al., 2007; Moro and Schantz, 2009). CHD is
considered an emergent or re-emergent zoonosis in several
parts  of the world, being responsible for estimated losses
of  over 1 million DALYs (disability adjusted life years), a
Open access under the Elsevier OA license.value  very close to that for tropical diseases such as dengue
fever  and Chagas disease, which are also considered to be
neglected by the World Health Organization (WHO, 2004;
Budke  et al., 2006; Battelli, 2009).
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In South America, CHD is endemic in the Andean and
South Cone regions, including Brazil, Argentina, Chile,
Uruguay and Peru (Arambulo, 1997; Moro and Schantz,
2009). In Brazil, the disease occurs in the Rio Grande
do Sul state, mainly in the border regions with Uruguay
and Argentina. In the period of 1996–2004, the preva-
lence of CHD in bovines ranged between 12% and 16%,
and in sheep, the disease prevalence increased from 4%
to 17% between 2000 and 2004 (Moro and Schantz, 2006;
de la Rue, 2008). Data from the Animal Sanitary Defense
and Supervision Division of the Rio Grande do Sul state
show that from 2005 to 2010, the prevalence of CHD in
bovines was stable at approximately 10% of the slaugh-
tered animals, while in sheep, the prevalence ranged from
10% to 15%. The most recent survey of the Animal Origin
Products Inspection Coordination of the Secretary of Agri-
culture, Livestock and Agribusiness of the Rio Grande do
Sul state reported that among the 32,203 animals slaugh-
tered in January 2011, 18% were infected with E. granulosus
sensu lato, with sheep being the most affected animals
(26%), followed by cattle (18%), buffaloes (14%) and pigs
(4.8%).
Some studies reported the frequencies of the different
haplotypes of E. granulosus sensu lato in cattle from dif-
ferent endemic regions of the world (Daniel-Mwambete
et al., 2004; de la Rue et al., 2006; Casulli et al., 2008;
Rinaldi et al., 2008; Omer et al., 2010; Simsek et al., 2010).
These studies have identiﬁed the haplotypes Echinococ-
cus granulosus sensu stricto (G1, G2 and G3), Echinococcus
ortleppi (G5) and E. canadensis (G6), with E. granulosus sensu
stricto (G1) and E. canadensis (G6) being the most frequent.
Knowledge of the haplotypes present in a region is very
important in epidemiological studies and in the control
of CHD because there are differences between haplotypes
with respect to parasite development, biochemistry and
resistance to anthelmintic drugs (Thompson et al., 1984;
McManus, 2009; Stamatakos et al., 2009). Changes in the
haplotype frequencies can be indicative of whether CHD
has been controlled and whether prophylactic measures
and control programs have been successful in endemic
regions.
The occurrence of haplotypes E. granulosus sensu stricto
(G1), E. ortleppi (G5) and E. canadensis (G7) has been
reported in sheep and cattle in the state of Rio Grande do
Sul (Haag et al., 1999; de la Rue et al., 2006; Badaraco et al.,
2008). The main Echinococcus species/haplotype affecting
sheep and cattle is E. granulosus sensu stricto (G1), and
E. ortleppi (G5) is supposed to occur less frequently and
only in cattle (de la Rue et al., 2006). Recently, de la Rue
et al. (2011) characterized the haplotypes of samples from
human hydatid cysts and adult worms from dogs, identi-
fying E. granulosus sensu stricto (G1 and G3) and E. ortleppi
(G5), with E. granulosus sensu stricto exhibiting higher par-
asite loads in both hosts.
In this work, we analyzed the frequencies of E. granu-
losus sensu stricto (G1) and E. ortleppi (G5) haplotypes in
fertile and infertile hydatid cysts and the fertility of the
cysts isolated from cattle raised in different localities of the
Rio Grande do Sul state, Southern Brazil. Our study suggests
a possible increase overtime in the proportion of E. ortleppi
(G5) loads in cattle from the region studied.itology 188 (2012) 255– 260
2. Materials and methods
2.1. Biological samples
Cattle organs with hydatid cysts were obtained from
a local slaughterhouse. The slaughtered animals were
raised in different regions of the Rio Grande do Sul state,
mostly in farms localized in the south and southwest
of the state. Although we  do not know the exact ori-
gin of each animal, since the cattle can be transferred
between farms, the regions from which the slaughter-
house received cattle were always the same, and the
proportion of animals coming from different farms was
constant overtime of the study. In our study each cyst
was  considered as an individual, since we  do not have
the information of which animal each cyst was collected.
The collected cysts were classiﬁed as fertile or infer-
tile based on the presence or absence of protoscoleces,
respectively. Protoscoleces were washed 3–6 times with
phosphate-buffered saline (PBS) at pH 7.2. In the case of
infertile cysts, the laminar and germinal layers were dis-
sected and washed with PBS to remove cellular debris.
Protoscoleces were stored in PBS at 4 ◦C, and the lami-
nar and germinal layers were stored at −20 ◦C until DNA
extraction.
2.2. DNA extraction
2.2.1. Fertile cysts
Genotyping of fertile cysts was  performed using total
genomic DNA extracted by three different methods. In
the ﬁrst method, a single protoscolex from each cyst was
separated randomly, and DNA was extracted as described
by Haag et al. (2004).  In the second method, 30 l of
protoscoleces in PBS solution were lysed with 500 l of
100 mM Tris–HCl pH 8, 250 mM NaCl, 0.5% SDS, 100 mM
EDTA and 100 g/ml proteinase K at 65 ◦C for 1 h, and DNA
was  extracted using the phenol–chloroform method, resus-
pended in nuclease-free water and stored at −20 ◦C. In the
third method of extraction, the PureLinkTM Genomic DNA
Mini Kit (Invitrogen®) was  used, following the manufac-
turer’s instructions.
2.2.2. Infertile cysts
DNA from the germinal layers of infertile cysts was
extracted using the Trizol® reagent. One milliliter of Trizol®
was  added to a laminar/germinal layer sample correspond-
ing to a maximum volume of 0.4 ml,  and the sample was
mixed by inversion to lyse the tissue. Cellular debris was
removed by centrifugation at 12,000 × g for 10 min  at
4 ◦C, and the supernatant was  transferred to a new 1.5 ml
tube. The next steps were performed following the Trizol®
manufacturer’s instructions, with an additional step. After
resuspension of the pellet in 500 l of 8 mM NaOH, the
sample was  heated at 56 ◦C for 5 min  and centrifuged at
12,000 ×g for 10 min, and then the supernatant was recov-
ered. The pH was  adjusted to 8.4 by adding 46 l of 0.1 M
HEPES. The extracted DNA was stored at −20 ◦C.
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Table  1
Number of fertile and infertile cysts of E. granulosus (G1) and E. ortleppi (G5) haplotypes in cattle. Haplotype frequencies are shown in parentheses.
Haplotype Number of cysts by organ
Fertile cysts Total (%) Infertile cystsa Total (%)
Lungs (%) Liver (%) Lungs (%) Liver (%)
G1 235 (47.2) 123 (90.4) 361b (56.6) 27 (93.1) 10 (91.0) 37 (92.5)
G5  263 (52.8) 13 (9.6) 277c (43.4) 2 (6.9) 1 (9.0) 3 (7.5)
Total  498 136 638d 29 11 40
a Only 40 samples were genotyped.
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investigate the possible difference in the occurrence of the
G1 and G5 haplotypes in infertile cysts. We  identiﬁed the
haplotypes of 40 infertile cysts collected in the year 2010.
The sample was composed of 29 cysts (72.5%) from the
Table 2
Number of E. ortleppi (G5) and E. granulosus (G1) fertile cysts from cattle
lungs and liver per sampling year.
Year G5 haplotype G1 haplotype
n Lungs Liver n Lungs Liver
2001 9 9 0 23 20 3
2002 13 12 1 59 38 21
2004 33 32 1 71 54 17
2005 1 1 0 3 1 2
2006 2 2 0 5 5 0
2007 26 25 1 63 37 26
2008 34 34 0 12 11 1b One isolate is from spleen and other 2 from heart.
c One isolate is from kidney.
d Of 638 cysts collected with identiﬁed haplotypes, 4 were from spleen
.3. Genotyping
Echinococcus mitochondrial haplotypes were identiﬁed
sing part of the cytochrome c oxidase subunit I (cox1)
equence (444 bp). PCRs containing between 30 and 100 ng
f DNA were performed using the following conditions:
.5 U Taq DNA polymerase, 1× Taq DNA polymerase buffer
20 mM Tris–HCl, pH 8.4, and 50 mM KCl), 0.04 mM dNTP
ix, 1.5 mM MgCl2 and 20 pmol of each primer (Bowles
t al., 1992) in a ﬁnal volume of 25 l. After ampliﬁca-
ion, the amplicons were puriﬁed and sequenced. Sequence
uality was accessed using Pregap4 version 1.5 of the
taden Package software (Staden et al., 2003), and the hap-
otypes were identiﬁed by BLASTn analysis.
.4. Statistical analysis
The Chi-squared test was used to test whether the pro-
ortion of haplotypes present in fertile and infertile cysts
as equal. Regression analysis was used to analyze the
hange in haplotype frequencies of fertile cysts overtime
nd the proportion of fertile cysts in lungs overtime. In this
nalysis, the data from each sampling year were pooled,
nd the regression was calculated using JMP  8.0.2 software,
sing the year as the independent variable and the pro-
ortion of G5 haplotype or the proportion of pulmonary
ysts, transformed into the arcsine, as the dependent vari-
ble. A binomial test was used to analyze the fertility of
ll hydatid cysts and of cysts from the lungs and liver,
ith the null hypothesis that the fertile cyst quantity did
ot differ between the two periods of sample collection.
he Chi-squared and binomial tests were performed using
ioEstat 5.0 software (Ayres et al., 2007), with p < 0.05 being
onsidered signiﬁcant.
. Results
.1. Frequency of G1 and G5 haplotypes in fertile cysts
Between January 2001 and December 2010, a total of
38 fertile cysts were isolated and genotyped. The G1 hap-
otype was the most frequent in this study (p = 0.001),
ccurring in 361 samples (56.6%) of cysts from lungs, liver,
pleen and heart, whereas the G5 haplotype was identiﬁed
n 277 cysts (43.4%) localized in the lungs, liver and kid-
ey (see Table 1). When the proportion was analyzed, the
requency of G5 was higher than that of G1 in the lungs and heart.
(G5, n = 263, or 52.8%; G1, n = 235, or 47.2%). Nevertheless,
there was  no statistically signiﬁcant difference with respect
to the frequency between the number of samples with G1
and G5 haplotypes in this organ (p = 0.22). The liver pre-
sented a signiﬁcantly higher frequency of the G1 haplotype
(G1, n = 123, or 90.4%; G5, n = 13, or 9.6%; p < 0.0001). In
spleen and heart, only G1 was identiﬁed, while only G5 was
observed in kidney. However, because of the low occur-
rence of hydatid cysts in these organs, these numbers must
be considered with caution.
Regression analysis was  performed to analyze the pos-
sible change in the frequency of the fertile cyst haplotypes
during the period analyzed. For this analysis, the data
related to the lungs and liver were considered and grouped
by collecting year (see Table 2). The results of the regres-
sion analysis show a signiﬁcant increase in the proportion
of G5 haplotype cysts during the period of 2001–2010, with
a regression coefﬁcient value of 0.54, as shown in Fig. 1A
(p = 0.0231). In contrast, there was  no trend of an increase
of the proportion of pulmonary fertile cysts, represented
in Fig. 1B (p = 0.5027). In all, 54% of the variation in the G5
proportion is explained by temporal factor.
3.2. Frequency of G1 and G5 haplotypes in infertile cysts
The haplotypes in infertile cysts were determined to2009 89 87 2 73 41 32
2010 69 61 8 49 28 21
Total 276 263 13 358 253 123
n = sample size.
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 haplotyFig. 1. Regression analysis showing the trends (A) in the proportion of G5
of  sampling (2000–2010).
lungs and 11 cysts (27.5%) from the liver (see Table 1).
In both organs, the parasite load of G1 was higher than
that of G5. Over 92.5% of the infertile cysts were identi-
ﬁed as G1, which was more frequent than G5 (p = 0.0001).
It was not possible to genotype more samples from infer-
tile cysts due to limitations of the method chosen for DNA
extraction.
3.3. Frequencies of hydatid cysts in different organs
To study the frequency of the occurrence of hydatid
cysts in different organs, the biological material corre-
sponding to a total of 5190 cysts was analyzed. The samples
were collected in two periods, the ﬁrst one (I) between
December 2005 and March 2007 and the second one (II)
from June 2008 to December 2010. During these periods,
1619 and 3571 cysts from the lungs, liver, spleen, kidney
and heart were collected, respectively (see Table 3). The
cysts were the most frequent in the lungs during both
periods (I – 71.2% and II – 67.9%), while cysts from the
liver were the second most frequent (I – 27.7% and II
– 31.5%). The occurrence of cysts in spleen, kidney and
heart was low, representing a total of 1.1% (I) and 0.6%
(II) of the cysts collected in this work. In general, there
was a high occurrence of infertile cysts in both periods
(4736/5190, or 91.2%). The ﬁrst period exhibited a lower
proportion of fertile cysts (74/1619, or 4.6%) compared to
the second period, which showed a higher proportion of
fertile cysts (380/3571, or 10.6%); this difference was  sta-
tistically signiﬁcant (p < 0.0001). When the frequencies of
the occurrence of fertile cysts in the lungs and liver were
compared, there was a higher parasite load for pulmonary
fertile cysts in the two periods studied. However, only in the
second period was this difference statistically signiﬁcant
(p < 0.0001). Considering both periods (2005 until 2010),
the frequency of fertile cysts was 8.7%, with a higher occur-
rence in cysts in the lungs (p < 0.0001).pe and (B) in the proportion of fertile pulmonary cysts during the period
4. Discussion
This work quantitatively and qualitatively evaluated the
presence of CHD in cattle from Southern Brazil at both the
molecular and developmental levels of the larval stage of E.
granulosus sensu lato. Our data suggest that the occurrence
of E. ortleppi (G5) fertile cysts is increasing overtime in the
region (see Table 2 and Fig. 1A). In infertile cysts the data
indicated a higher occurrence of E. granulosus sensu stricto
(G1, Table 1). There is an increase in the number of fertile
cysts in the last several years (Table 3), which may  be due
to increase of E. ortleppi (G5).
Over a ten-year period (2001–2010), we collected and
analyzed the haplotypes of fertile cysts, in which we  iden-
tiﬁed E. granulosus sensu stricto (G1) and E. ortleppi (G5),
as expected based on other reports (Haag et al., 1999;
de la Rue et al., 2006; Badaraco et al., 2008; de la Rue
et al., 2011). We  did not identify E. canadensis (G7) and
E. granulosus sensu stricto (G3) in the samples analyzed,
possibly because these haplotypes are found in regions
of the Rio Grande do Sul state that were not included in
our study or because the haplotypes are less adapted to
cattle.
In our analysis, we found evidence for a preference of
each species/haplotype for a certain cattle organ, with E.
ortleppi (G5) being more common in the lungs and E. gran-
ulosus sensu stricto (G1) being more common in the liver
(Table 1). It is known that E. ortleppi (G5) has a tropism for
cattle lungs (Thompson et al., 1984). However, there is no
report that E. granulosus sensu stricto (G1) shows a pref-
erence for a speciﬁc organ in cattle. It is possible that the
tropism observed here is due to some physiological charac-
teristic of the target organs, providing different conditions
for the establishment and development of each species,
which may  have distinct biological requirements. Compar-
ative biochemical studies of E. granulosus sensu stricto (G1)
and E. ortleppi (G5) should be carried out to better charac-
terize the tropism reported in this work.
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Table  3
Fertile, infertile and total number of hydatid cysts from cattle organs collected between 2005 and 2007 (I) and between 2008 and 2010 (II). Hydatid cyst
frequencies in each organ are shown in parentheses.
Organ Number of total cysts (%) Total (%) Number of fertile cysts (%) Total (%) Number of infertile cysts (%) Total (%)
(I) (II) (I) (II) (I) (II)
Lungs 1152 (71.2) 2423 (67.9) 3575 (68.9) 59 (79.7) 305 (80.2) 364 (80.2) 1093 (70.7) 2118 (66.4) 3211 (67.8)
Liver  449 (27.7) 1126 (31.5) 1575 (30.3) 14 (18.9) 70 (18.4) 84 (18.5) 435 (28.2) 1056 (33.1) 1491 (31.5)
Spleen 0 7 (0.2) 7 (0.13) 0 1 (0.3) 1 (0.2) 0 6 (0.2) 6 (0.1)
Kidney 17 (1.05) 12 (0.3) 29 (0.6) 0 1 (0.3) 1 (0.2) 17 (1.1) 11 (0.3) 28 (0.6)
Heart  1 (0.06) 3 (0.1) 4 (0.08) 1 (1.4) 3 (0.8) 4 (0.9) 0 0 0
Total 1619 3571 5190 74a 380b 454c 1545 3191 4736
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aa The absolute number represents 4.6% of the total cysts collected in th
b The absolute number represents 10.6% of the total cysts collected in t
c The absolute number represents 8.7% of the total cysts collected in bo
The data on the haplotype frequencies of fertile cysts
rouped by year showed that the frequency of E. ortleppi
G5) has signiﬁcantly increased in the last several years
Fig. 1A). This increase could have been caused by an
ncrease in the number of fertile cysts in lungs, which would
xplain the change because E. ortleppi (G5) is more common
n this organ. However, the statistical analysis did not show
 trend of an increase in the number of fertile cysts in lungs
n our analysis (Fig. 1B). Two aspects must be considered
n the interpretation of these results. The ﬁrst is that the
egions where hosts became infected are not known. The
hange in haplotype frequencies overtime could be due to
attle originating from different farms in each year. Indeed,
aag et al. (2011) have shown that farms in the Rio Grande
o Sul state differ in the circulating haplotypes, and that
his might be due to a limited dispersal of dogs. However,
e know that the farms from which the slaughterhouse has
btained the animals remained relatively constant during
ur study. The second aspect to be considered is the lack
f information about cyst origin. The fact that some cysts
ight have come from the same host could have introduced
 bias in our data since they may  have originated from the
ame infection event. Despite the absence of such data,
he total number of cysts is informative on the absolute
ncrease of the E. ortleppi (G5) in different animals or on the
bsolute increase in the same animal. Although we cannot
gnore these aspects as possible causes of the increase of E.
rtleppi (G5), the sampling method has remained the same
ver the entire period of our study. Furthermore, our sug-
estion that E. ortleppi (G5) is spreading, is because there
re more parasites (hydatid cysts) of this species circulating
n the sampled population.
Considering that E. ortleppi (G5) is indeed becoming
ore frequent, one could speculate about its possible
auses: (a) the differential effect of anthelmintic action
n each haplotype. According to Stamatakos et al. (2009),
here are differences in the sensitivity of different variants
f E. granulosus sensu lato to benzimidazole carbonates;
b) differences in the development and adaptation of the
pecies/haplotypes. It has been shown that E. ortleppi (G5)
s better adapted to cattle and that the adult worm has
 shorter development period than E. granulosus sensu
tricto (G1) (Thompson et al., 1984). Adult worms isolated
f dogs from Santana do Livramento city (Rio Grande do
ul state) were observed, with the rostellar hook length
nd the terminal segment length being greater for E. 2005–2007 (I).
d 2008–2010 (II).
ds (I plus II).
ortleppi (G5) than for E. granulosus sensu stricto (G1) (de
la Rue et al., 2011). These differences could play a role
in parasite development and reproduction, which conse-
quently would increase the dissemination of E. ortleppi
(G5) in the environment; (c) E. ortleppi (G5) has been
introduced recently in the Rio Grande do Sul state and
may  have undergone a process of population expansion,
now reaching a higher parasite load in cattle. This trend
would be natural under conditions of a recent introduction
because E. ortleppi (G5) is better adapted to the cattle host
and exhibits better development. However, future studies
must be performed to conﬁrm or refute these hypotheses.
In general, E. granulosus sensu stricto (G1) was the most
frequent haplotype (58.7%, considering both fertile and
infertile cysts), as shown in other molecular studies in cat-
tle (Daniel-Mwambete et al., 2004; de la Rue et al., 2006;
Casulli et al., 2008; Rinaldi et al., 2008; Simsek et al., 2010).
However, pooling samples collected in different years may
uncover important aspects of echinococcosis epidemiol-
ogy, leading to wrong conclusions, such as considering that
a haplotype is predominant in certain region, indepen-
dently of the collection period. Our study shows that the
temporal aspect must be taken in consideration, and that
this is very important in Echinococcus population studies.
In contrast to what we  observed regarding the increased
load of E. ortleppi (G5) in fertile cysts overtime, in infertile
cysts there was a higher frequency of E. granulosus sensu
stricto (G1, Table 1). Similarly, other molecular studies have
veriﬁed a higher number of infertile E. granulosus sensu
stricto (G1) cysts in cattle (Kamenetzky et al., 2002; Daniel-
Mwambete et al., 2004; Casulli et al., 2008; Rinaldi et al.,
2008). Some of these studies identiﬁed E. ortleppi (G5) in
cattle but all E. ortleppi (G5) cysts were fertile (Kamenetzky
et al., 2002; Casulli et al., 2008). Only 7% of the infertile cysts
were identiﬁed as E. ortleppi (G5) in our study. Our  data
suggest and strengthen the hypothesis that E. ortleppi (G5)
is better adapted to bovine host than E. granulosus sensu
stricto (G1), producing more fertile cysts than infertile cysts.
The fertility analysis showed a low fraction of fertile
cysts throughout the sampling years, with an increase, sta-
tistically signiﬁcant, in fertility in the period 2008–2010
(380/3571, or 10.6%), compared to period 2005–2007
(74/1619, or 4.6%, see Table 3). These data also reinforce the
idea that E. ortleppi (G5) is better adapted to the cattle host,
explaining the increase in the frequency of fertile cysts. In
the second period, the difference between the numbers of
ry Paras260 H. Balbinotti et al. / Veterina
fertile cysts in lungs and liver was statistically signiﬁcant,
with the fertility being greater in pulmonary cysts, pre-
sumably due to the higher occurrence of E. ortleppi (G5)
in this organ. This fact is a concern because the increase
in the proportion of fertile cysts could promote a conse-
quent increase in the risk of dogs becoming infected and
contributing to the spread of CHD.
Over 91.2% of the cysts collected in our study were infer-
tile (4736/5190, Table 3), and this high percentage could be
due to the presence of E. granulosus sensu stricto (G1), which
is less adapted to cattle (Thompson, 2008), an observation
corroborated by the genotyping data showing that infer-
tile cysts were mainly E. granulosus sensu stricto (G1). It was
shown in some studies carried out in Spain and Italy that all
cysts in cattle were infertile and E. granulosus sensu stricto
(G1) was the most frequent (Daniel-Mwambete et al., 2004;
Rinaldi et al., 2008). Kamenetzky et al. (2002) observed
that, in Argentina, E. granulosus sensu stricto (G1) generated
only 20% of the fertile cysts in cattle. In contrast, there are
studies from Algeria and Pakistan reporting a high fertility
rate in hydatid cysts from cattle infected with E. granulo-
sus sensu stricto (G1) (Bardonnet et al., 2003; Latif et al.,
2010). However, we should consider the small sample sizes
used in these works and/or that there are biological differ-
ences in these speciﬁc parasites that make them more or
less adapted in cattle.
5. Conclusion
The results presented here suggest that the occurrence
of E. ortleppi (G5) is increasing in cattle in the region stud-
ied. However, it is not possible to predict whether this
increasing trend will be maintained in the coming years,
or if the population reached an equilibrium. Our ﬁndings
show that the molecular epidemiology of cystic hydatid
disease in Southern Brazil is dynamic, suggesting that con-
tinuous monitoring of parasite variants is necessary, and
that new strategies are required to control the spread of
the different Echinococcus species/haplotypes.
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